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NONLINEAR WAVE PREDICTIONS IN CERAMICS

D A Mandell

Hydrodynamic Applications Group, Los Alamos National
Laboratory
Los Alamos, NM 87545

The accurate numerical prediction of nonlincar waves in metals and ceramics 1s important
in the design of many products including acrospace structures, auntomobile engines and
other devices. The material strength and tracture of ceramics must be predicied in order w
achicve optimum desigas. As part of a project to develop a reliable, robust, design
computer progran: & number of material strength and ractuee models have been
implemented into the MESA-21D) hydrocode and the predictions from the code have been
compaied to data. MESA-2D is an explicit, finite-differcnce Fulenan code with
hydrodynamics, high explosives, material strength, fracture, and a number of cquation of
state models.

The interface velocity as a function of time between an alumina target and a lithium floride
window, impacted by an alumina disk at velocities between 544 m/s and 2329 m/s, was
predicted by using the Steinberg ceramic maternal strength maodel [Sicinberg, Daniel (1990)
Computer Studies of the Dynamic Strengih of Ceramices, Lawrence Livermore National
Laboratory Report UCRL-TD- TOOOC | ard a maximum tensile fracture maxdel. These one-
dimensionad fiyer plate expeniments were conducted e Sandia National Laboratories using

Coors AD 995 alumma,

INTRODUCTION

I'he development of an necurate, predictive
hydrocode design tool Tor impnets into brittle
materinls s important. in a number of technieal
nreas  ancluding armor and warhead
development, spiee debr's protection, enhanced
oil recovery, amd other arens where advaneed

cernmic malerinls are heing used, The gond of

the present worle is (e implement material
strength and  Ifracture models for hratde
naterinds in the MESA family of codes and o
evitlunte (he models in order to further the effort. to
praduce n desiym tool,

In previous wark (Mandell and Henmoger,
1992) twe ceramie models were implemented into
MESA Cohinson and Holmgaist, 1992, Stemberyr,
1996 and  evalunted 1D and 2D
experiments (Kipp and Graay, 1929 Wise and
Kipp, 1990 The datn from these experiments
VISAIR

stem) velocity versas time date. The

nprmnst

vonsisted  of tinver  veloeity inter

{rromefer

alumina used in those experiments was very
porons nnd nonuniform. The constants (or the
materind models ased 1o the previous werk were

no! abtmined for the aluming used in the

experiments, which probably accounts for the poor
apreement between the doata and the predictions
reported. In order to determine the enuse of those
prediction problems, predictions for n better
characterizod alumina, AD 995, were made in the
present work. These predictions are discussed
For AD 995, alumina constants are
available for the Steinberg maodel, but constants
are not available for the Johnson Holmqguist
model. Therefore the Steinherg model was used
in the enrrent work,

helow.

Since the Steinbery model includes formulas
for the yield stress and the shear modulus, hat,
does not include o fracture component, n
muaximum principal tensile stress criterin was
used Lo prediet feacture, As discussed below,
fracture has a small effeet o 1 D predictions, bhut
fracture s eritieal in 2 D ampacet. penetration
predictions (Mandell, 1991,

COMPARISON OF PREDICTIONS AND DATA

Fipure 1 shows the hydrocode peemetrienl setup
for the fIyer plate ealeulntions, In the experiment.
wn aduminn Hyer plate impacts an alirmina
tarpet backed by o lithium Noride window
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Fig. 1. MESA2D Geometry for the 1-D Flyer
Plate Experiments

A VISAR is used to measure the velocity as n
function of time at the targel window interfnee.
Five experiments atl flyer plate velocities from
N4 m/s to 2329 m/s were predicted. The results
for three representative predictions are shown in
Figs. 2 4, and the other predictions are given in n
reporl. (Mandell 1993),
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At the lower veloeities the npgrecment between
the predicted velocities nod the measured values
15 pood, but the code inerensingly overpredicets the
peak  velocities ns the impaetor veloeity
increases. At the maximum veloeity 02329 m/s),
the prediction is 12.3 pereent too higrh.

Iigr. 1 shows n of three
predictions nnd the data for expeciment CE 60 in
which the OQyer plate veloeity wis 2829 m/s. The
the and
fracture options turned off shaws that the penk
velocity is unnffected by these madels  An

compnrison

prediction with mnterinl strengpth
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overprediction can, thereloze, only be produeed by
the equation of state (KOS). By substantinlly
modifying the EOS of the alumina, the correct
peak velocity ean be ealealated. The g Uy KOS
wits used for the nlaming, where Uy is the shock
speed and Uy is the particle speed. The equation
Co o S Uy, The sound
Co mnd the slope 8 pre found from

for the Hugoniot is Uyg
speed
cxperiments, The sound speed was chanped from
0771 em/ps, the nominind value, to 00500 em/ps,
which is in the direction that would be prodaced
by merensed porosity, The hydrocode does not
culeulnte porosity for hrittle materinls, bhat this
FOS chanpe may andiente that o
cnleulbntion wouid produce bhetter apreement
betwern the dota and the prediction The {lyer
plte velocily was measured to withim 1 2.0
percent (Grady, 1990, In order o enleulnte the
mensured penk velocity, the Nyer plate veloety
has to be deereased by npproximately 10 pereent,

parosily



—+

1
4

-

-—a—DATA

=== STEINBERG & TENSILE FRACTURE
==0-==NO STRENGTH; C0 = .771
=== NO STR; MOD EOS; C0 = .55

INTERFACE VELOCITY ( KM/SEC )

2.625

3.75

4.875

TIME ( jisec )

4. Experiment CE 60 at 2329 M/S - Effect of

Material Strength and Equation of State,

so this uncertainty in the experimental flyer
plate veloeity does not necount for the peak
velocity overpredichons, Further work is needed
to determine the reasons for this diserepaney.

The effeet of the maximum prineipal tensile
stress frncture value wias exnmined for the lowes)
velocity experiment, CE GG, and for the hipghest
velocity experiment, CFGO. The results for
experiment CE S6. whieh showed the preatest
effeet due to the variation of the maximum
principnl tensile stress, oy, chowen for the
fracture eritervin, nre shown in Fig. 6 Maodernte
changes in the value of oy have very hittle
on eaperiment CEH resnltn and
slmont no effect on expermment CIE G0 resalts, Faye
6 In confenst, in the prediection:, of Anderaon and
Morriz™ 2 B penetrntion data tAnderaon nnd
Morrs, 1992, the fracture model wien erntieal
“Mandell, 19%h, The prineipnl
tenstle ertterin pave very poor o gl wherens
the Johnson Holmguest model predieted the 2D
penctration data to withm 1EA pereent The 21D

maninnm

an nluminn Tor which
model  constants  are

experiments  used
Johnson Holmguist
availahle.

Datn is necded on the yield stress, the shear
modulus, and the bulk modulus of fractured
cernmic so Yhad models in which time dependent
frocture have the
material properties

Necessnry

The importanee of varions model features
can be missed when simple experiments are
predicted by o hydrocade, such ns the iimportanee
aof fracture when  enlenlanting the one
dimensional yer plate expeeiments Theeefore,
real desipgn problene ivolvingy ceramies need (o
be enleulated i order fo pswens the models fully

The development of new hettle mnternnl
strenpth models need:s to be done i paeallel with
thewr appheation to desapn probleme of intere:d
that the models worke eftisetively and vobustly in
hydrocode-
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Fig. 5. Experiment CE 56 AT 544 M/S
Liffect of the Tensile Fracture Value.
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